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1
METHOD FOR ENCODING CONTROL
INFORMATION IN A COMMUNICATION
SYSTEM, AND METHOD AND APPARATUS
FOR TRANSMITTING AND RECEIVING THE
CONTROL INFORMATION

PRIORITY

This application claims priority under 35 U.S.C. §119(a)to
a Korean Patent Application filed in the Korean Intellectual
Property Office on Mar. 12, 2009 and assigned Serial No.
10-2009-0021382, the entire disclosure of which is hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a transmission
and reception method in a communication system, and more
particularly, to a method and apparatus for encoding control
information, and transmitting and receiving the encoded con-
trol information.

2. Description of the Related Art

Broadcasting-communication services have entered the
real era of digitalization, multi-channelization, broadband
and high quality. With the recent prevalence of high-quality
digital Television (TV) and an increase in the number of
service subscribers of cable TV broadcasting, the widespread
use of various digital broadcasting devices using wired/wire-
less communication networks has increased. A transmission
scheme suitable for broadband transmission, and efficient
encoding, transmission, and reception of control information
required to receive broadcast data are important for providing
reliable digital broadcasting services.

A typical example of a transmission scheme that is suitable
for broadband transmission may include Orthogonal Fre-
quency Division Multiplexing (OFDM). OFDM, which
transmits data using multiple carriers, is a kind of Multi-
Carrier Modulation (MCM) that converts a serial input sym-
bol stream into parallel symbol streams and modulates each
parallel symbol stream with multiple orthogonal subcarriers,
i.e., multiple subcarrier channels, before transmission.

FIG. 1 illustrates a frame including control information in
a conventional communication system.

Referring to FIG. 1, a frame 101 includes a preamble
section 102, which includes preamble symbols 104, . . ., 105,
and a data symbol section 103, which includes data symbols
106, .. . 107. The preamble section 102 is commonly used in
a receiver to acquire time and frequency synchronization,
synchronization for frame boundaries, etc. For these and
other reasons, a transmitter of a communication system trans-
mits the preamble section 102 before transmitting the data
symbol section 103.

However, depending on the communication system, a pre-
amble may also be used to carry signaling information as
control information that is transmitted and received between
the transmitter and the receiver.

FIG. 2 illustrates a configuration of an OFDM symbol
carrying a preamble in a conventional communication sys-
tem. More specifically, an OFDM preamble symbol illus-
trated in FIG. 2 is an OFDM symbol carrying a preamble. For
ease of explanation, the OFDM preamble symbol will be
referred to herein as an OFDM symbol.

Referring to FIG. 2, an OFDM symbol 201 includes a
header 203, which is allocated to multiple subcarriers, and a
coded signaling block 205 (hereinafter, merely referred to as
a “coded block™). In the coded block 205, the signaling infor-
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2

mation is allocated to remaining subcarriers, which were not
allocated to the header 203, i.e., N;, ., subcarriers repre-
sented by indexes of 1 to N, ¢y,

The header 203 may be used to acquire synchronization in
a receiver, and may include additional information, such as a
modulation scheme and a code rate for the coded block 205.
Herein, it is to be noted that other subcarriers of the OFDM
symbol 201, which are additionally allocated for features of a
pilot or the like, have been omitted for the convenience of
description.

Assuming that the preamble 102 is embodied as the OFDM
symbol 201, a receiver acquires synchronization of a frame,
based on the header 203 of the preamble 102, obtains control
information, such as a transmission method of the data sym-
bols 103 and a length of the frame, from the coded block 205
of' the signaling information, and then receives data from the
data symbols 106, . . ., 107.

FIG. 3 illustrates a process of encoding and transmitting
control information in a conventional communication sys-
tem.

Referring to FIG. 3, a transmitter generates a coded block
from signaling information provided as control information
by applying a coding technique based on a proper error cor-
rection code, and then allocates N, ., subcarriers avail-
able for transmitting the signaling information. More specifi-
cally, if signaling information to be transmitted is provided, a
Forward Error Correction (FEC) encoder 301 generates a
coded block by encoding the signaling information according
to a predetermined coding scheme. A modulator 303 gener-
ates a modulation symbol by modulating the generated coded
block according to a predetermined modulation scheme.
Thereafter, a subcarrier mapper 305 maps the modulation
symboltotheN,, ., subcarriers available for transmission
of'the modulation symbol, and a header inserter 307 generates
an OFDM symbol, as illustrated in FIG. 2, by attaching a
header to the mapped modulation symbol.

As described above, in the conventional communication
system, a coded block is generated from signaling informa-
tion and transmitted in an OFDM symbol. While it has been
described that one coded block is generated from signaling
information and transmitted in one OFDM symbol for con-
venience, the signaling information may also be transmitted
in more than one OFDM symbol. In this case, the communi-
cation system should segment the signaling information into
multiple coded blocks and transmit the multiple coded blocks
in multiple OFDM symbols, which requires an efficient seg-
mentation scheme, coding scheme, and transmission and
reception scheme.

SUMMARY OF THE INVENTION

The present invention is designed to address at least the
above-mentioned problems and/or disadvantages and to pro-
vide at least the advantages described below. Accordingly, an
aspect of the present invention is to provide a method for
efficiently encoding control information. Another aspect of
the present invention is to provide a method for efficiently
encoding control information having a variable size.

Another aspect of the present invention provides an effi-
cient encoding method for segmenting control information
into multiple coded blocks and transmitting the coded blocks.

Another aspect of the present invention is to provide a
method and apparatus for transmitting and receiving effi-
ciently encoded control information.
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Another aspect of the present invention provides a method
and apparatus for efficiently determining a size of blocks
when segmenting control information into multiple blocks
and transmitting the blocks.

In accordance with an aspect of the present invention, a
method for encoding information bits is provided. The infor-
mation bits are segmented, and one or more coded blocks are
generated by adding parity bits to each segment of the infor-
mation bits. Segmenting the information bits includes deter-
mining a number of coded blocks to be generated using a
reference value, and segmenting the information bits based
on the determined number of coded blocks.

In accordance with another aspect of the present invention,
an apparatus for encoding information bits is provided. The
apparatus includes a controller for determining a number of
coded blocks to be generated using a reference value, and an
encoder for segmenting the information bits based on the
determined number of coded blocks and generating one or
more coded blocks by adding parity bits to each segment of
the information bits.

In accordance with another aspect of the present invention,
a method for decoding one or more coded blocks is provided.
Information about a number of information bits is acquired,
and one or more coded blocks are decoded. Decoding the one
or more coded blocks includes determining a number of
coded blocks to be decoded using a reference value, calculat-
ing a number of information bits in each coded block based on
the acquired information about the number of information
bits, and removing parity bits of each coded block.

In accordance with another aspect of the present invention,
an apparatus is provided for decoding one or more coded
blocks. The apparatus includes a control parameter calculator
for acquiring information about a number of information bits
and determining a number of coded blocks to be decoded
using areference value. The apparatus also includes a decoder
for decoding one or more coded blocks by removing parity
bits of each coded block based on (i) a number of information
bits in each coded block calculated from the acquired infor-
mation about the number of information bits and (ii) a number
of parity bits punctured in each coded block.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
certain embodiments of the present invention will be more
apparent from the following description taken in conjunction
with the accompanying drawings, in which:

FIG. 1 illustrates a frame including control information in
a conventional communication system;

FIG. 2 illustrates an OFDM symbol in a conventional com-
munication system;

FIG. 3 illustrates a process of encoding and transmitting
control information in a conventional communication sys-
tem;

FIG. 4 is a flow chart illustrating a process of encoding
control information according to an embodiment of the
present invention;

FIG. 5 is a flowchart illustrating a method of segmenting,
encoding, and transmitting control information according to
an embodiment of the present invention;

FIG. 6 is a flowchart illustrating a method of receiving
control information according to an embodiment of the
present invention;

FIG. 7 is a block diagram illustrating a transmitter accord-
ing to an embodiment of the present invention; and

FIG. 8 is a block diagram illustrating a receiver according
to an embodiment of the present invention.

10

20

25

30

35

40

45

50

55

60

65

4

Throughout the drawings, the same drawing reference
numerals will be understood to refer to the same elements,
features and structures.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

Various embodiments of the present invention will be
described in detail herein below with reference to the annexed
drawings. In the following description, a detailed description
of known functions and configurations incorporated herein
has been omitted for clarity and conciseness.

The present invention provides a method and apparatus for
encoding signaling information and/or control information
between a transmitter and a receiver, and transmitting and
receiving the encoded information in a communication sys-
tem. The communication system described in this specifica-
tion includes wired and wireless communication systems pro-
viding digital broadcasting services and various
communication services.

In accordance with an embodiment of the present inven-
tion, a transmitter segments signaling information into blocks
depending on the size of the signaling information, encodes
the blocks, and transmits the encoded blocks in an OFDM
symbol. The blocks include the same number of bits.

In the encoding process, the transmitter appends padding
bits to the signaling information. The number of padding bits
is determined depending on the number of the segmented
blocks.

If a size of the signaling information is large, for example,
if a size of the signaling information exceeds a predetermined
size of the system, the signaling information is segmented
into multiple blocks.

For example, assuming that in the system illustrated in
FIG. 3, alength ofa coded block encoded by the FEC encoder
301 is represented by N, and a modulation order is repre-
sented by M,,0p, if Equation (1) below is not satisfied, the
system cannot transmit the coded block of the signaling infor-
mation in one OFDM symbol.

M

In Equation (1), the modulation order ,,,, has a value of
1,2, 4 and 6 for Binary Phase Shift Keying (BPSK), Quadra-
ture Phase Shift Keying (QPSK), 16-ary Quadrature Ampli-
tude Modulation (16-QAM) and 64-QAM, respectively.

Because signaling information may occasionally not be
transmitted in one OFDM symbol due to such system condi-
tions, the signaling information is segmented. An example of
a segmentation process and an encoding process for the sig-
naling information is described in detail below.

First, assuming that signaling information includes
K71 ox paa bits, a transmitter determines a number of coded
blocks needed to encode and transmit the signaling informa-
tion, using Equation (2) below.

NevMaop=Nri_cens

@

K1l ex pad
Npl_FEC Block = | m——————
K11 _max_per_Symbol

In Equation (2), [x] indicates a smallest integer greater
than or equal to x, and L1 indicates Layer 1 (L.1), i.e. a
physical layer. Therefore, signaling information transmitted
and received as control information indicates physical layer
signaling information.
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In Equation (2), Nz, zzc g indicates a number of
coded blocks needed to segment the signaling information
into multiple blocks and transmit them, K, , ., ,,.; indicates a
length of the signaling information before padding bits are
appended, and N, ,,..x per sympor INdicates a reference value
used to segment the signaling information.

The transmitter segments the signaling information of a
length K;, ., ,.z 010 Nyy_ zre gro0 coded blocks. When
K1 cx pagcannotbedividedby N, zre g0, the transmit-
ter appends padding bits to the signaling information to deter-
mine the number N7, zrc g Of the segmented coded
blocks. Generally, a value of the padding bits is set to zero (0).
The number K;, »,rnmve of the appended padding bits is
determined using Equation (3).

©)

K11 ex_pad

Ki1_pabppivg = [ XNr1_rEC Block — KL1_ex_pad

NLI_FEC Biock

In Equation (3), if K;, .. ,., can be divided by
N.y rec siooe the number Ky, p,pppye of padding bits
appended to the signaling information is zero (0), and other-
wise, K; | »,npmve has a non-zero value.

Therefore, if K, »,rpmve has a non-zero value, signaling
information of a length K,, is generated by appending
K; . rippive padding bits to the signaling information of a
length K, ., ,.z A length K;, of the padding bit-appended
signaling information is calculated using Equation (4).

K=K, 1ﬂ,pad+KL | PADDING (©)]

Next, the signaling information of a length K;, is seg-
mented into N, zzc z00 Plocks. In this case, the signaling
information of a length K, is segmented into N, |, rzc groar
blocks each having a length K, which is determined using
Equation (5).

Kp1

NLI_FEC Block

Kg = ®

The transmitter generates parity bits by independently
encoding each of the length-K,;, blocks of the segmented
signaling information using an FEC technique, and generates
a coded block with the parity bit included, for each block of
the segmented signaling information. For example, the well-
known concatenation coding scheme of a Bose, Chaudhuri,
Hocquenghem (BCH) code and a Low-Density Parity-Check
(LDPC) code may be used as the FEC technique.

In the concatenation coding scheme, the transmitter first
applies a BCH coding technique to each of the blocks of the
segmented signaling information, and then applies an LDPC
coding technique to each of the BCH-coded blocks. For con-
venience, it is assumed that the BCH code has an information
length of K, and a parity length of N, 4, and the LDPC
code has a code length (i.e., the number of bits of'a codeword)
of N; ppc and a code rate of R, ;-

If K, of each block of the segmented signaling informa-
tion is less than K, _,, an appropriate shorting method for
shorting (K,,,~K,,) bits is needed. A zero-padding method is
generally used as the shortening method. Therefore, if zero-
padded bits are not considered, the BCH-coded blocks cor-
respond to blocks of the length-K, segmented signaling
information, to each of which parity bits of a length
Nyot_parizy are appended.

The transmitter applies a shortening/puncturing LDPC
coding technique to the length-K,;, blocks of the segmented
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signaling information and the appended parity bits of a length
Nyor_pariy- When Ko andm, . are given, the number N,
(hereinafter, referred to as “the number of final puncturing
bits”) of LDPC parity bits to be punctured is calculated
through the following four steps.

Step 1) The transmitter performs LDPC coding and then
calculates the number N,,,,... .., (hereinafter, referred to as
“the number of temporary puncturing bits”) of parity bits to
be temporarily punctured in each coded block, in accordance

with Equation (6) below.

unc

|6 (6)
Npunc_temp = 5% (Koo — Ksig)

In Bquation (6), | x| indicates a largest integer less than or
equal to x, K, indicates an information length of an infor-
mation word encoded when blocks of the segmented signal-
ing information undergo BCH coding, and K, indicates a
length of each block in which padding bits of the segmented
signaling information are included.

Step 2) The transmitter calculates a temporary length
Nz1_semy (hereinafter, referred to as “the number of tempo-
rary codeword bits”) of coded blocks of the segmented sig-
naling information using Equation (7) below, in which R ,, -~
denotes a code rate of an LDPC code.

NL1_temp=KsigtNoch_paris tNLppcx(1-Rippc)—~
N,

punc_temp M

Step 3) The transmitter calculates the actual length N, ,
(hereinafter, referred to as “the number of final codeword
bits”) of coded blocks of the signaling information using the
number of temporary codeword bits of coded blocks of the
segmented signaling information in accordance with Equa-
tion (8) below.

If L1_TI_MODE = 00 or 01, 8

N1 tem
_temp
{—2 X 2nmop X NLI_FEC_Block
Nmop X NL1_FEC_Block
Ny = .
Otherwise,
N1 _semy
_temp
[72 N X 2nmop X NL1_Ti_Depih
NmoD X INL1_TI_Depth

In Equation (8), LI_TI_MODE indicates a time interleav-
ing technique mode for coded blocks of the segmented sig-
naling information, and this information is included in the
header 203 illustrated in FIG. 2. LI_TI_MODE=00 indicates
no application of the time interleaving, L.I_TI_MODE=01
indicates that N, rre g, coded blocks segmented from
the signaling information are transmitted in N, |, rrc zoo
OFDM symbols by applying the time interleaving, and
LI_TI_MODE=10 and 11 indicate that N;; zzc g0 coded
blocks segmented from the signaling information are trans-
mittedin N, 4, p,,s, OFDM symbols by applying the time
interleaving. L1_T1_Depthin N;, 4 5., indicates a depth
of the time interleaving applied for transmission of OFDM
symbols, and a value of N;,_;; p,,,, can be appropriately
defined according to the LI_TI_MODE mode determined in
the system.

Step 4) The transmitter determines the number of LDPC
parity bits to be punctured, i.e., the number N,,,,,. of final
puncturing bits, using Equation (9) below.
©

N, punc:NpuncJemp_ NN lJemp)
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In the foregoing segmentation and encoding process for the

signaling information, Nz, ... ... s.msor 10 Equation (2) is
generally set as K, ,. Accordingly, if'a length K, . ., 0f
the signaling information is variable and has a very wide
range, the maximum value of K, of Equation (5) can become
K, and the minimum value of N, ., becomes 0
according to Equation (6).
TNz wax_per_symbon the reference value used to segment
the signaling information, which has been described in Equa-
tion (2), is too large, i.e., if a codeword length K, , of a BCH
code is too large, then the number N , of final codeword bits,
or a length of each coded block of the segmented signaling
information may also be very large, so N;,/M,,op, Which is
defined by dividing the number of final codeword bits by the
modulation order, may be undesirably greater than the num-
ber N;; oz, of subcarriers or cells that can be used to trans-
mit signaling information in OFDM symbols.

As an example, a system having parameters as shown in
Table 1 below will be considered.

TABLE 1
OFDM and modulation
parameters BCH parameters LDPC parameters
Nii cors = 2808 Kpen =7032 Nzppe= 16200
Narop =4 Niohr_pariey = 168 Ryppc=4/9
Assuming that in the system, K, .. ,,/~10000 when

Ni1_max_per_sympor 18 set the same as K, ,, it can be easily
understood that in the system using the parameters of Table 1,
signaling information of a length of, for example, 10000 bits,
is segmented into two blocks of a length of 5000 bits each,
with the time interleaving technique not applied, using Equa-
tions (2) to (9), and the length N, , of each coded block of the
segmented signaling information is 11744 bits.

Therefore, in this case, because N; /M ,,0,=2936 is greater
than N, . (=2808) in the system, each coded block of the
segmented signaling information is not mapped to one
OFDM symbol.

Generally, because one coded block is transmitted in one
OFDM symbol in the system where the time interleaving is
notapplied, N, ... ,or symsorShouldbesetlessthank, , in
an example of the above-described system.

However,if N;| .00 per symbor 18 Settoosmall, each coded
block ofthe segmented signaling information may be mapped
to one OFDM symbol, but a large number of OFDM symbols
are needed, and some of the subcarriers included in the one
OFDM symbolmay be wasted. If Nz, ... per sympor 15 S€110,
for example, 1000 bits, in the example of the system, the given
signaling information is segmented into 10 blocks and a
length N, of the coded blocks is 2960 bits. In addition,
because N, ,/M,,0n=740, 740 subcarriers are allocated in one
OFDM symbol to transmit each coded block of the segmented
signaling information, and though the remaining
(2808-740=2068) subcarriers are not allocated for transmis-
sion of the coded blocks, a total of 10 OFDM symbols are
needed to transmit the entire signaling information. The non-
allocated or unused 2068 subcarriers are unused even for
KLliex‘pad'

Therefore, the reference value Ny, ... yer symsor (herein-
after, referred to as a “segmentation reference value of sig-
naling information”) for segmenting the given signaling
information should be appropriately set according to the sys-
tem conditions, in order to efficiently segment and transmit
the given signaling information while minimizing the number
of'wasted subcarriers and the number of needed OFDM sym-
bols.
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An optimal segmentation reference value for signaling
information proposed by an embodiment of the present inven-
tion to segment the signaling information and transmit the
segmented signaling information in an OFDM symbol will be
described in detail below.

The optimal segmentation reference value for signaling
information in accordance with an embodiment of the present
invention will satisfy at least one of the following two condi-
tions.

Condition 1) In a process of segmenting and transmitting
given signaling information, when the time interleaving is not
applied, each coded block of the segmented signaling infor-
mation should be mapped to one OFDM symbol. Satisfying
Condition 1) is equivalent to satistying Equation (1).

Condition 2) In the process of segmenting and transmitting
given signaling information, when the time interleaving is not
applied, the number of OFDM symbols needed for transmis-
sion is minimized. This is equivalent to minimizing the num-
ber N;y zze sioer of coded blocks of Equation (2).

In accordance with an embodiment of the present inven-
tion, Conditions 1) and 2) and the segmentation reference
value Ny | ux per symbor 10T signaling information described
in Equation (2) have the following relationship.

Ifthe segmentation reference value Ny, .. per sympor 10T
signaling information increases, the number N, |, zzc gz
of coded blocks of Equation (2) tends to be decreased or
remain unchanged. Therefore, in order to satisfy Condition
2), the segmentation reference value Nz, ..o o, sympor 1OF
signaling information should be set as large as possible.

However, because the increase in the segmentation refer-
ence value Ny, .0 per sympos 10T signaling information
increases the maximum value of K, of Equation (5), the
minimum value of N, .., of Equation (6) decreases. As a
result, because a length N;, of each coded block tends to
increase on the whole by Equation (7) and Equation (8),
N, 1Masons Which is determined considering the modulation
order, also tends to increase.

Therefore, an embodiment of the present invention calcu-
lates a maximum value of the segmentation reference value
Nii_max_per_symbor 101 signaling information, which satisfies
Equation (1).

It should be noted herein that because the length N, of
coded blocks is affected by the modulation order 1,,,, and
the number N, zzc g0 0f coded blocks in Equation (8), if
the modulation order ), and/or the number N, zze groc
of coded blocks are changed, the maximum value of the
segmentation reference value Ny, ... ... <., fOr signal-
ing information satisfying Equation (1) is also changed.

For example, assuming that a system using the parameters
of Table 1 segments and encodes given signaling information
using all of Equation (2) to Equation (9), if the number
N, rec swoa of coded blocks is assumed to be 1, the
maximum value of the segmentation reference value
Nii max_per_symbor 10 signaling information satisfying
Equation (1) is calculated as 4773 bits. However, if the num-
ber N;; zre sioa Of coded blocks is assumed to be 5, the
maximum value of the segmentation reference value
Nii_max_per_sympor 10T signaling information satisfying
Equation (1) becomes 4759 bits.

Therefore, in order to satisfy Condition 1) and Condition 2)
regardless of the modulation order m,,,, or the number
N.1 rec soa ©f coded blocks, a specific restriction is
needed in determining the segmentation reference value
Ni1 max_per sympor 10r signaling information.

With respect to the above restriction, an embodiment of the
present invention defines a maximum value among the
number N, rzc g Of coded blocks and the depth
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Nz1_77_pepm of Equation (8) as the maximum number
N;i zrc siock ma0fcoded blocks, taking the time interleav-
ing into consideration, and proposes selection criteria of the
segmentation reference value N, ; for signal-
ing information.

Selection Criteria

The segmentation reference value Ny, ... 1o, sympor 10T
signaling information is selected as a smallest value among
maximum values of a length K, of signaling information
satisfying Equation (10) below for i (where i=1, 2, . . .,

1_max_per_Symbo,

NL 1 7FECiBZock7ma.x) .

Npi(K)=Npy_ consXMason (10)

In Equation (10), N, ., indicates a number of subcar-
riers or cells that can be used to transmit signaling informa-
tion, and N, (K,) indicates a length of coded blocks of the
signaling information, when a length of the signaling infor-
mation is represented by K,, for i=N;, zzc zroa

An example of determining the segmentation reference
value Ny 00 per sympos fOF signaling information depend-
ing on the selection criteria of the present invention will be
described below.

Assuming that the system having the parameters of Table 1
segments and encodes signaling information using
Equation (2) to Equation (9), and the maximum number
N1 s siock max ©f coded blocks is set to 8 as an additional
condition, Equation (10) can be rewritten as shown in Equa-
tion (11).

Ny (K)=2808x4=11232 an

Then, based on the selection criteria, the segmentation
reference value Ny, ,.c e sympo 10T signaling information
is selected as the smallest value among the maximum values
of K, satisfying Equation (11), for i (where i=1, 2, ..., 8). If
the maximum values of K, satisfying Equation (11) are rep-
resented by K, ... for each i, they are

i,max

K mar Ko = K3 pmax=Ka pmax K6 a2 173,

K5,max:K7,max:K8,max:4759'

the  segmentation reference  value
Ni1_wax_per_symboz 10F signaling information is set to 4759,
which is the smallest value among the maximum values
K, e according to the selection criteria in accordance with
an embodiment of the present invention.

FIG. 4 is a flowchart illustrating a process of encoding
control information according to an embodiment of the
present invention.

Referring to FIG. 4, in step 401, a transmitter performs
segments signaling information into multiple blocks accord-
ing to a size of the signaling information. The segmentation
operation is performed based on a segmentation reference
value Ny, i per sympor 10T signaling information, which is
obtained depending on the selection criteria.

In step 402, the transmitter performs zero padding for BCH
coding on each of coded blocks of the segmented signaling
information. In step 403, the transmitter performs BCH cod-
ing on the padding bit-appended signaling information. The
zero padding for BCH coding is distinguished from the zero
padding for segmentation of signaling information in Equa-
tion (4). In step 404, the transmitter performs LDPC coding
on the BCH-coded blocks of the segmented signaling infor-
mation. In step 405, the transmitter performs puncturing on
the LDPC-coded blocks according to the number of punctur-
ing bits. In accordance with an embodiment of the present
invention, a method of determining the number of puncturing
bits may include Steps 1) to 4). The results finally obtained

Therefore,
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through the above-described processes correspond to the
coded blocks of the segmented signaling information.

FIG. 5 illustrates a method of segmenting, encoding, and
transmitting signaling information according to an embodi-
ment of the present invention.

Referring to FIG. 5, signaling information of a current
frame is determined in step 501, and a transmitter determines
a number of coded blocks with which it will transmit the
signaling information, using Equation (2), in step 502. More
specifically, the transmitter applies a segmentation reference
value Ny, oo nor symsor 0T signaling information obtained
based on the selection criteria.

In step 503, the transmitter calculates a number of padding
bits needed for segmentation of the signaling information in
accordance with Equation (3), and appends the padding bits
to the signaling information, if needed. In step 504, the trans-
mitter segments the signaling information into same-sized
blocks corresponding to the number of coded blocks, which is
determined in accordance with Equation (5). The signaling
information segmented in step 504 is not greater in size than
the segmentation reference value N, ,,.x per sympor 10T Sig-
naling information obtained by the selection criteria.

Thereafter, in step 505, the transmitter calculates a number
of parity bits to be subjected to puncturing, for the coded
blocks, using Equations (6) to (9). In step 506, the transmitter
generates as many coded blocks as the number determined in
step 502 by performing FEC coding on the signaling infor-
mation segmented in step 504. In step 507, the transmitter
punctures as many parity bits as the number determined in
step 505, for each of the coded blocks generated in step 506.
In step 508, the transmitter transmits the final coded blocks
determined in step 507, begins processing the next frame, and
then repeats steps 501 to 507 for the next frame.

FIG. 6 illustrates a method of receiving signaling informa-
tion according to an embodiment of the present invention.

Referring to FIG. 6, in step 601, a receiver acquires a
number of bits of signaling information being transmitted in
a current frame. The number of bits of the signaling informa-
tion may be obtained by receiving and decoding a header 203
of an OFDM symbol. Because the number of bits of the
transmitted signaling information can be acquired from the
header 203, the receiver can calculate and acquire the number
K;, of bits of signaling information, including padding bits
that were appended during segmentation of the signaling
information. As another example, it is also possible to directly
acquire the number K;, of bits of the padding bit-inserted
signaling information from the header 203 of the OFDM
symbol.

In step 602, the receiver calculates a number of coded
blocks through which the signaling information is transmit-
ted, using Equation (12) below.

Kui

NLL_max_per_Symbol

(12)
NL1_FEC Block =

It is to be noted that a segmentation reference value
Ni1 nax_per symbor 10F signaling information is set as a value
acquired based on the selection criteria.

In step 603, the receiver calculates a length K, (the num-
ber of bits) of respective coded blocks segmented from the
signaling information in accordance with Equation (5) above.

In step 604, the receiver calculates the number of parity bits
to be punctured each coded block. A method of calculating
the number of puncturing bits is identical to the method
described using Equation (6) to Equation (9). In step 605, the
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receiver restores the received signaling information by
decoding each of coded blocks, the number of which is deter-
mined in step 602, using the calculated number of puncturing
bits. In step 606, the receiver begins processing the next frame
and repeats steps 501 to 507.

FIG. 7 illustrates a transmitter according to an embodiment
of the present invention. Specifically, FIG. 7 illustrates a
transmitter for transmitting physical layer (L.1) signaling
information as control information.

Referring to FIG. 7, the transmitter 700 includes a trans-
mission data buffer 701, a scheduler 702, a control informa-
tion generator 703, a control parameter calculator 704, a
controller 705, an FEC encoder 706, and a transmission unit
707. Because the control information is signaling informa-
tion, the control information generator 703 generates signal-
ing information, and the transmission unit 707 transmits the
signaling information.

When the communication system provides a broadcast
service, the transmission data buffer 701 buffers service data
to be transmitted in multiple broadcast service channels, and
when the communication system offers a communication
service, the transmission data buffer 701 buffers service data
provided in the communication service.

The scheduler 702 performs scheduling by receiving the
status about the data buffered in the transmission data buffer
701. The scheduling operation includes determining the con-
figuration of a frame by including OFDM symbols and data
symbols to be transmitted, in a particular frame or every
frame. The signaling information is transmitted in the OFDM
symbol. The scheduling results are input to the control infor-
mation generator 703.

The control information generator 703 generates specific
signaling field values from which the frame configuration can
be determined. The control parameter calculator 704 receiv-
ing the field values calculates the number N, zrc zioq Of
coded blocks of segmented signaling information, the num-
ber of padding bits for segmentation, the number of bits of the
segmented signaling information, and the number of parity
bits to be punctured, as control parameters for transmission of
the signaling information, according to the method described
in conjunction with FIG. 5.

The calculated control parameters are input to the control-
ler 705. The FEC encoder 706, under the control of the con-
troller 705, outputs coded blocks by encoding the signaling
information output from the control information generator
703 according to a predetermined FEC coding scheme. The
signaling information is segmented into multiple blocks
based on a segmentation reference value Nz | ,..c sor symbor
for signaling information according to the method described
in conjunction with FIG. 5, and the segmented blocks each
undergo FEC coding. A value acquired based on the selection
criteria is used as the segmentation reference value
Ni1_wax_per_symbor L0 signaling information. An output of
the FEC encoder 706 is input to the transmission unit 707, and
the transmission unit 707 transmits the encoded signaling
information.

While it has been described that BCH and LDPC coding
are used as the FEC coding scheme, other coding schemes
may be used as well, as long as the proposed signaling infor-
mation segmentation is available.

FIG. 8 illustrates a receiver according to an embodiment of
the present invention. Specifically, the receiver illustrated in
FIG. 8 receives physical layer (I.1) signaling information as
control information.

Referring to FIG. 8, the receiver 800 includes a reception
unit 801, a control parameter calculator 802, a control infor-
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mation decoder 803, and a controller 804. The receiver 800
receives and decodes signaling information according to the
method illustrated in FIG. 6.

The reception unit 801 receives header information from a
frame transmitted by a transmitter, and acquires information
for reception of signaling informant from the header, such as
the number of bits of signaling information and/or a modula-
tion scheme (e.g., QPSK, 16QAM, 64QAM, etc.) used to
transmit the signaling information. Because the number of
bits of the transmitted signaling information can be acquired
from the head information, the receiver 800 may calculate and
acquire the number K, of bits of signaling information in
which padding bits for segmentation are included. The
acquired information is input to the control parameter calcu-
lator 802. The control parameter calculator 802 calculates the
number N, zpc g ©f coded blocks of signaling
information based on the segmentation reference value
N71_nax_per_symbor 10F signaling information using Bquation
(12), calculates the number of bits of segmented signaling
information using Equation (13), and calculates the number
of punctured parity bits, i.e., the number of puncturing bits in
coded blocks, using Equations (6) to (9).

The control parameters calculated by the control parameter
calculator 802 are input to the controller 804, and the control-
ler 804 controls the control information decoder 803 using the
calculated control parameters to decode the signaling infor-
mation transmitted on OFDM symbols in the frame.

As is apparent from the foregoing description, in segment-
ing signaling information into coded blocks having a same
number of bits and inserting padding bits before encoding,
signaling information can be segmented into coded blocks
having an optimal number of bits, thereby most efficiently
transmitting the signaling information in terms of frequency
and time.

By segmenting the signaling information into coded blocks
having the optimal number of bits during transmission, com-
munication resources can be used more efficiently.

While the present invention has been shown and described
with reference to certain embodiments thereof, it will be
understood by those skilled in the art that various changes in
form and details may be made therein without departing from
the spirit and scope of the present invention as defined by the
appended claims and their equivalents.

What is claimed is:

1. A method for encoding information bits, the method
comprising the steps of:

determining a number of coded blocks to be generated

using a number of the information bits and a reference
value determined by coded block lengths, a number of
subcarriers available for transmission, and a modulation
order;

segmenting the information bits based on the determined

number of coded blocks; and

generating one or more of the coded blocks by adding

parity bits to each segment of the information bits.

2. The method of claim 1, wherein the reference value is
determined by the number of subcarriers available for trans-
mission and the modulation order so as to maximize a number
of information bits to be mapped to one OFDM symbol and
minimize a number of OFDM symbols needed for transmis-
sion.

3. The method of claim 1, wherein determining the number
of coded blocks to be generated using the reference value
comprises:

determining maximum values, wherein each respective

value is for a length of information bits satisfying each of
the coded block lengths that is less than or equal to the
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number of the subcarriers available for transmission of
the information bits multiplied by the modulation order;

assigning a minimum value among the determined maxi-
mum values as the reference value.

4. An apparatus for encoding information bits, the appara-
tus comprising:

a controller configured to determine a number of coded
blocks to be generated using a number of the informa-
tion bits and a reference value determined by coded
block lengths, a number of subcarriers available for
transmission, and a modulation order; and

an encoder configured to segment the information bits
based on the determined number of the coded blocks,
and to generate one or more of the coded blocks and to
generate one or more coded blocks by adding parity bits
to each segment of the information bits.

5. The apparatus of claim 4, wherein the reference value is
determined by the number of subcarriers available for trans-
mission and the modulation order so as to maximize the
number of the information bits to be mapped to one OFDM
symbol and minimize a number of OFDM symbols needed
for transmission.

6. The apparatus of claim 4, wherein the reference value is
assigned from a minimum value among maximum values for
alength of information bits satisfying each of the coded block
lengths that is less than or equal to the number of the subcar-
riers available for transmission of the information bits multi-
plied by the modulation order.

7. A method for decoding one or more coded blocks, the
method comprising the steps of:

acquiring information about information bits;

determining a number of coded blocks to be decoded using
a number of the information bits and a reference value
determined by coded block lengths, a number of subcar-
riers available for transmission, and a modulation order;

calculating a number of information bits in each coded
block based on the acquired information about the infor-
mation bits; and

removing parity bits of each coded block.

8. The method of claim 7, further comprising:

calculating a number of parity bits punctured in each coded
block; and

determining the parity bits to be removed in each coded
block based on the number of the information bits and
the number of parity bits punctured in each coded block.

9. The method of claim 7, wherein the reference value is
determined by the number of the subcarriers available for
transmission and the modulation order so as to maximize the
number of the information bits to be mapped to one Orthogo-
nal Frequency-Division Multiplexing (OFDM) symbol and
minimize a number of OFDM symbols needed for transmis-
sion.

10. The method of claim 7, wherein determining the num-
ber of coded blocks to be decoded using the reference value
comprises:

determining a respective maximum value for a length of
information bits satisfying each of the coded block
lengths that is less than or equal to the number of the
subcarriers available for transmission of the information
bits multiplied by the modulation order;

assigning a minimum value among the determined maxi-
mum values as the reference value.

14

11. An apparatus for decoding one or more coded blocks,
the apparatus comprising:

a control parameter calculator configured to acquire infor-
mation about information bits, and to determine a num-
5 ber of coded blocks to be decoded using a number of the
information bits and a reference value determined by
coded block lengths, a number of subcarriers available

for transmission, and a modulation order; and

a decoder configured to decode one or more of the coded
blocks by removing parity bits of each coded block
based on (i) the number of the information bits in each of
the coded block calculated from the information about
the information bits and (ii) a number of parity bits
punctured in each coded block.

12. The apparatus of claim 11, wherein the reference value
is determined by the number of subcarriers available for
transmission and the modulation order so as to maximize the
number of the information bits to be mapped to one Orthogo-
nal Frequency-Division Multiplexing (OFDM) symbol and
minimize a number of OFDM symbols needed for transmis-
sion.

13. The apparatus of claim 11, wherein the reference value
is assigned from a minimum value among maximum values
of the length of the information bits satistfying each of the
coded block lengths that is less than or equal to the number of
subcarriers available for transmission of the information bits
multiplied by the modulation order.

14. A transmitter of a communication system, the transmit-
ter comprising:

a transmission data buffer;

a controller configured to determine a number of coded
blocks to be generated using a number of the informa-
tion bits and a reference value determined by coded
block lengths, a number of subcarriers available for
transmission, and a modulation order;

an encoder configured to segment the information bits
based on the determined number of the coded blocks,
and to generate one or more coded blocks by adding
parity bits to each segment of the information bits; and

a transmission unit configured to transmit the one or more
coded blocks in a frame to a receiver of the communi-
cation system.

15. A receiver of a communication system, the receiver

comprising:

a reception unit configured to receive a frame from a trans-
mitter of the communication system;

a control parameter calculator configured to acquire infor-
mation about information bits from the frame, and to
determine a number of coded blocks to be decoded using
a number of the information bits and a reference value
determined by coded block lengths, a number of subcar-
riers available for transmission, and a modulation order;
and

a decoder configured to decode one or more coded blocks
ofthe frame by removing parity bits of each coded block
based on (i) the number of the information bits in each of
the coded blocks calculated from the information about
the information bits and (ii) a number of parity bits
punctured in each of the coded blocks.
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